An arbitary period of one year after the last case in the series was first seen was chosen as the completion date for the collection of the bone metastases. The longer this follow-up period, the greater the number of metastases of all kinds which would accumulate, and it was felt that the end of 1960 was a convenient point at which to terminate the enquiry. In all, the records of 1,967 patients with bone metastases were collected from 16,239 of the patients who died during the time under survey. In addition, 34 patients were alive at the end of 1960 with known bone metastasis.
During the period under review a total of 24,051 new cases of malignant disease, excluding rodent ulcer, were seen at the Royal Marsden Hospital. Table  I shows the distribution of these for the main sites involved and compares the It will be seen that neoplastic diseases treated largely by radiotherapy were seen relatively frequently, whereas conditions necessitating surgery were seen less often. An intermediate group (notably carcinoma of the breast) requires combined treatment and occupies a position half-way down the scale.
In all, 2,001 patients with bone metastases were reviewed, forming 12-3 % of the total of 16-,239 deaths during the period under review.
Surviving patients
Only 34 patients were still alive with bone metastases at the end of 1960, i.e. a year after the period under survey ended. As to be expected, a large proportion of these were patients with carcinoma of the breast (22 cases), but, unexpectedly, there were only two patients still alive with carcinoma of the prostate. This was probably a chance finding due to the small number of patients involved.
Excluding patients still alive (1.7 % of the total) the average duration of life of all cases, once bone metastases had been detected, was 9-3 months. As to be expected, the average duration of life varied with the site of the primary (Table  II) . In only two situations was the average duration a year or more, namely breast and prostrate, both being growths amenable to hormone therapy. Total material studied (e) Involvement of base of skull from local spread of carcinoma of oro-or naso-pharynx.
The radiological appearance in a bone of the features usually associated with bone metastases, if occurring in a patient known to have, or have previously suffered from malignant disease, if associated with pain was accepted as being due to metastasis. If these criteria were satisfied further similar radiological appearances in other bones, even if not associated with pain, were accepted as being due to bone metastases.
Persistent pain in the back or a limb if not relieved by non-specific measures and if shortly followed by the death of the patient were accepted as being due to bone metastasis, even in the absence of radiological investigation. This situation often arose with patients dying away from the hospital with known metastases other than in bone (e.g. liver) and developing severe pain (e.g. backache) shortly before death.
DETAILED ANALYSIS OF SERIES
The 2,001 patients with bone metastases will now be considered in more detail. These showed a total of 4,105 bone metastases up to the end of 1960, i.e. sixteen years after the first patient in the series was seen and one year after the last patient was first seen.
Incidence of bone metastasis in relation to primary growth A breakdown of the 2,001 cases under review showed that carcinoma of the prostate carried the highest chance of developing bone metastasis (32.4 % of the cases seen during the defined period). Carcinoma of the breast also showed a high liability (21.9 %). The problem of the diagnosis of a bone metastasis in a case of malignant disease is usually straightforward in that a patient with known disease, treated or untreated, presents with pain in a particular region which is X-rayed to demonstrate a change in the bone compatible with a metastasis.
The most typical X-ray finding in this series was that of decreased density (osteoporosis, radio-translucency) at the site of a metastasis or metastases. This was easily the commonest finding in the X-rays actually inspected by the author (approximately 90 %), but a great number of X-rays were not actually seen (having been destroyed after a given period or having been taken in other hospitals). Many of these X-rays were not accurately reported on as to the radiological characteristics of the metastases seen, merely stating " typical secondary in such and such a bone " so that it is impossible to provide an accurate figure for the proportion of metastases showing osteoporosis.
A less typical finding is of increased bone density (osteosclerosis, radio-opacity). This was found more frequently in cases of prostatic carcinoma and also as a result of hormone treatment of breast carcinoma. Mixed osteoporotic and osteosclerotic lesions were rare. Also rare were lesions which, radiologically either osteoporotic or osteosclerotic, caused expansion of the bone concerned with the formation of a palpable lump. Unknown primary Difficulty in diagnosis arises when a bone lesion is detected radiologically but no primary is known. In 46 instances (2.3 %) a patient first presented with a lesion which was fairly obviously a bone metastasis by clinical and radiological means, but without any easily discovered primary lesion or symptoms of such a lesion. These comprised 7-5 % of cases staged as IV. In 21 of these the primary was fairly easily detected by special investigation, but it must be emphasised that it was silent clinically. Ten of this category underwent bone biopsy.
In a further 14 cases the primary was discovered at post-mortem. The primary remained unknown in a further 11 cases for the following reasons:
(a) No post-mortem performed-8 cases; (b) Difficulty in proper follow-up-2 cases: (c) No primary discovered even after careful post-mortem-1 case.
Bone, metastases with normal X-rays The commonest problem in connection with bone metastases arose when a patient with known malignant disease complained of pain compatible with metastasis but with no X-ray changes. With this situation the pain should be regarded as due to bone metastasis if it is slight at first, persists in spite of simple remedies (mild analgesics, heat treatment), increases in intensity but remains localised until ultimately it is agonising in nature.
In this series 189 cases (9 4 % of the total) had normal X-rays when first seen. This excludes patients with X-ray changes of metastases in one situation and who later developed pain in another region with normal X-rays. Once a patient is known to have metastasis, further bone pain is invariably due to further bone metastasis and a normal X-ray can be ignored. Where pain was complained of in more than one situation and X-rays were normal the site of greater pain was taken as the site of metastasis. It was found that certain sites of bone metastasis (notably vertebra) showed a high incidence of negative X-ray at the first investigation (Table V) . 3. Magnification view X-rays may be of value if the appropriate apparatus is available.
4. An exploratory operation is undertaken. 5. A drill biopsy can be performed. This method was not used in this series. The difficulty is in being certain that the metastasis, if present, is actually biopsied. A negative result is thus of no significance.
ASSOCIATED BONE PATHOLOGY
Another common problem is the patient, usually old, who presents with pain some time after treatment, usually successful, for malignant disease and in whom X-rays reveal a bone condition which could be the cause of the pain.
Senile osteoporosis
Many patients with malignant disease are old or during the course of follow-up reach an age generally considered as " old ". There is, of course, no definition of old age but it is true that the older a patient becomes the greater the possibility of backache or a fracture being due to senile osteoporosis. Although occasional cases of apparent senile osteoporosis are seen in the fifties, generally speaking the diagnosis would not be considered seriously in a patient under the age of sixty. It should be noted, however, that bone metastases, particularly in the vertebrae, can closely mimic the appearance usually associated with senile osteoporosis, namely a diffuse decalcification or loss of radiological density of bone.
In retrospect it becomes easy to make a diagnosis of senile osteoporosis by virtue of the fact that the individual patient survived for a long time. On presentation, diagnosis may be supremely difficult and in fact quite frequently the patient is treated with some specific method on the assumption that bone metastases are present. Usually radiotherapy is given, often with relief of pain, when in retrospect the condition was clearly due to senile osteoporosis. However, if the patient survived for more than a year without more definite manifestations of metastatic disease the case was excluded from the series.
An instance encountered in this investigation will be considered: Case 6740. Female, aged 72: colectomy for carcinoma of splenic flexure in November 1947. Pain in the back occurred after minor trauma in July 1953 and X-rays showed widespread decalcification and collapse of D3 and D12. She died in June 1955 of a further primary in the descending colon, but with no further backache, which was thus regarded as due to osteoporosis.
Osteoarthritis
This condition causes difficulty when it involves the vertebral column and there is seldom any trouble in reaching a diagnosis when other joints are affected. For example, osteoarthritis of the knee joint is common and responds as well as to be expected to simple physiotherapeutic measures.
Osteoarthritis of the spine or an apparently acutely prolapsed lumbar intervertebral disc often co-exists with metastatic malignant disease not at first visible radiologically, and only the lack of response to physiotherapeutic treatment together with eventual radiological changes can establish the diagnosis. Alternatively, response to specific therapy after a fair trial of simpler methods, if followed by the expected downhill course of the patient, can be regarded as proof that bone metastases are present.
Paget's disease
This often co-exists with bone metastases. A further complication is the fact that Paget's disease of bone itself is liable to undergo malignant change. Paget's disease usually shows a typical radiological appearance, namely osteoscle-rosis of a large part of the affected bone, sometimes with enlargement of the bone. It is also often associated with a markedly raised serum alkaline phosphatase, an unusual finding with metastatic bone disease unless extremely widespread.
Post-irradiation bone necrosis
This condition must be suspected when pain persists in a part which has been irradiated. During the earlier years of the period under survey a few instances of necrosis of rib (8 cases) and of the humeral head (3 cases) following radiotherapy for carcinoma of the breast were encountered, but there were no examples in latter years as more refined radiotherapeutic techniques were used. The passage of time ultimately excludes a diagnosis of bone metastasis, as radiologically it is usually impossible to differentiate the two conditions although, on occasion, the appearances are such as to suggest the diagnosis of metastasis, e.g. if the bone lesion is sclerotic on X-ray.
Radionecrosis of the neck of the femur seems to be a common complication in some centres (Stephenson and Cohen, 1956; Koschitz-Kosic, 1961 ; Bickel, Childs and Porretta, 1961) With breast and prostatic primaries more elaborate methods of treatment were often attempted, in particular methods of hormone treatment or endocrine deprivation. In addition, multiple methods of treatment were often used and these defy analysis. However, for the 650 breast cases whose metastases (usually multiple) were treated out of 893, the methods of treatment shown in Table VIII were applied. Several methods were often applied in sequence, sometimes after response to a particular method had worn off, sometimes when one or more methods of treatment had failed. It is seen that radiotherapy is easily the best method of treatment for the isolated metastasis. The results for adrenalectomy are somewhat better than usually reported, presumably because of the selection involved: bone metastases are well known to respond to adrenalectomy better than do soft tissue lesions. Similarly the results of hypophysectomy are worse than generally reported as almost all cases were treated by a pituitary implant of radio-active material and not by surgical extirpation. The chemotherapy group is an heterogenous collection in which various chemical compounds were tried out with very little success.
PATHOLOGICAL FRACTURES
Paraplegia due to metastasis will be dealt with separately but can be regarded as a variety of pathological fracture. Collapse of a vertebral body not causing paraplegia was not included under the heading of pathological fracture.
Criteria for the diagnosis of a pathological fracture In most instances reasonable certainty exists that a given fracture is pathological. Occasionally difficulty is experienced in reaching such a conclusion and a firm decision may be impossible at first. This is of importance in determining treatment.
It may appear obvious that a patient should have a known primary tumour before the diagnosis of pathological fracture can be entertained. However, a certain number of patients present with a pathological fracture as the first evidence of malignant disease and in these circumstances perusal of the radiographs ofthe region of the fracture often reveals no definite evidence of bone metastasis.
The presence of other metastases is extremely suggestive that the fracture, particularly if sustained with a minimum of trauma, is pathological. But nonpathological fractures do occur in patients with malignant disease, particularly if old, and often with minimal trauma. For instance, several Colles fractures were known to have occurred in patients in this series, but none proved pathological. A non-pathological adduction fracture of the neck of the femur of one of these patients was treated by a nailing operation by the author, the patient, aged 82, surviving four years before dying of metastatic breast cancer not involving bone (Case 24534).
Other points to be regarded as suggesting that a fracture is pathological are as follows:
Death of the patient shortly after sustaining the fracture. Malunion when treated by orthopaedic methods orthodox for the particular fracture.
Re-fracture soon after union. In all there were 316 pathological fractures (excluding paraplegia) in this series (7 7 % of all metastases). Broken down into individual sites (Table IX) it will be seen that five sites (femur, ribs, humerus, clavicle and pelvis) made up the great majority of instances. However, certain other sites, e.g. tibia, provided interesting problems in treatment. Pathological rib fractures In Table IX it will be seen that there were 79 pathological rib fractures (15.8 % of rib metastases). However, on inspecting many of the radiographs of these cases and also radiographs ofrib metastases it became obvious that it was impossible to differentiate between an osteolytic lesion and a pathological fracture. It must be admitted that the proportion of pathological rib fractures depends largely on interpretation of radiographs in the absence of marked displacement of the fragments, a rare finding.
TREATMENT OF PATHOLOGICAL FRACTURES
There is little doubt that pathological fractures of long bones due to metastases are best treated by internal fixation followed by radiotherapy (Bremner and Jelliffe, 1958) . Such treatment is essential if the patient with a fractured femur is to become ambulant, although treatment with a sling is adequate to control pain due to a fractured humerus. Table X gives details of 26 fractures treated with internal fixation. There were no examples in this series of prophylactic fixation as described by Bremner and Jelliffe.
Pathological fractures of the femur
Of 119, six were bilateral. In 60 the upper quarter of the bone was involved, in 51 the shaft, and in 8 the site was unknown, the fact that the femur fractured before death being noted in the death certificate or a follow-up letter. The great 
amedullary. 6 Nail* majority, 78 (65.5 %), were patients with carcinoma of the breast, while carcinoma of the bronchus provided 10 cases (8.4 %). There were 5 patients with carcinoma of the bladder, 4 with multiple myelomatosis and 3 each with carcinoma of thyroid and kidney.
Twenty-three fractures (19-3 %) (one bilateral) were treated with internal fixation (9 shaft, 14 upper quarter) and these survived an average of 13x5 months after fracture. Fractures not treated with internal fixation numbered 91 (76.5 %) and of these only 5 (4.2 %) united, but 3 re-fractured before the patient's death. The average survival for this second group was 4*7 months, but there is some selection here as patients with fewer metastases and in a better general condition would be treated operatively. However, this figure of nearly 5 months represents a great deal of intensive nursing care, whereas the patient undergoing internal fixation can usually become ambulant a week or two after operation.
Two abduction fractures of the neck of the femur, both with breast primaries, survived 22 and 15 months without internal fixation. Only one shaft fracture was treated with internal fixation (bladder primarysurvived 6 months after fracture). The average duration of life for the other cases was 8-4 months, which is rather longer than fractures of the femur not treated with internal fixation. There were 21 cases of shaft fracture and 19 fractures of the neck. Two fractures were supracondylar and in 4 cases the site was unknown. Three fractures (6-5 %) united, 2 breast primaries and one malignant melanoma. All had radiotherapy and one of the breast cases received hormone treatment as well. One re-fractured.
PARAPLEGIA
In all there were 136 cases of paraplegia (6-8 % of cases with bone metastases). This amounts to 0-6 % of all cases of malignant disease (excluding rodent ulcer) during the period under review. In the series of 2,001 patients with bone metastases there were 1,376 with vertebral deposits. Thus 9-9 % of patients with vertebral metastases ultimately develop paraplegia. Nine actually developed paraplegia while being treated for vertebral metastases.
Of the patients with paraplegia, bone metastases were seen on X-ray or at post-mortem in 102 (75.0 %) while X-rays were negative and the paraplegia was assumed to be due to cord or meningeal deposits in 21 (15-4 %). In 13 (9.6 %) no X-ray or post-mortem was carried out. Paraplegia is a complication with a very poor prognosis. In only 29 cases did the patient survive more than 6 months after the onset of the condition and of these, in 10 the paraplegia worsened while the patient underwent treatment, and 4 had no treatment so that a worthwhile and reasonably lasting response to treatment was attained in only 15 patients of 81 treated (18-5%). For the purpose of this survey these 15 patients were assigned to the category " improved ".
Two patients (2.5 %) in particular improved sufficiently to be classified as normal after treatment:
Case 15217.-A female aged 46 noticed a lump in the right breast in 1950. In August 1951 she developed backache but only consulted a doctor in November when she developed paraplegia. At the time the whole of the breast was occupied by a fixed carcinoma with large axillary and supraclavicular lymph nodes. The primary tumour and the spine were treated with radiotherapy. In 2 months she was walking with the aid of a walking machine and in 4 months she could walk quite normally. She survived for 17 months.
Case 8457.-A male aged 40 developed paraplegia in June 1945. At laminectomy a multiple myeloma deposit was removed with complete recovery of the paraplegia. In the following 4 years several episodes of pain in the back were treated with radiotherapy, with relief, before he died of widespread disease.
On the other hand one patient survived with unimproved paraplegia for as long as 48 months:
Case 7588.-A male aged 35 had a right orchidectomy carried out in 1948 for a seminoma. In 1950 the left testicle was removed for a similar tumour. In 1951 he developed paraplegia and an extradural metastasis was removed and radiotherapy given. He died, unimproved in 1955. Table XI shows the primary sites for the patients with paraplegia. (Miscellaneous) . Three patients were treated; one with a testicular primary improved (7 months).
* Three patients showed improvement with more or less simultaneous therapy in which the improvement could not definitely be assigned to the laminectomy:
(1) Carcinoma prostate: Laminectomy + oestrogens (19 months).
(2) Multiple myeloma: Laminectomy + radiotherapy (48 months). (3) Neuroblastoma: Laminectomy + radiotherapy (9 months).
The patients with paraplegia due to metastasis from carcinoma of the breast were sufficiently numerous to warrant a more detailed analysis. Nineteen untreated cases were mostly seen early in the period of review and survived an average of 2-8 months. Twenty-eight treated cases survived an average of 7-5 months. It is likely that in this instance the difference in period of survival is not due wholly to selection of patients in better condition.
Paraplegia due to carcinoma of the breast is relatively common and from the results of treatment obtained in this series the conclusion is reached that it must be energetically treated by radiotherapy together with androgens, preferably at the stage when the patient complains of pain in the back, and before the condition actually develops. SUMMARY A series of two thousand patients with secondary malignant disease of bone is reviewed. Patients with carcinoma of the breast comprised half of these. A quarter of sufferers from carcinoma of the breast ultimately will develop bone metastases.
The traditional text book sites of origin of bone metastases (breast, prostate, kidney, thyroid, bronchus) were confirmed.
The chances for a patient with bone metastasis of involvement of the vertebrae, pelvis and femora are respectively 70, 40 and 25 per cent.
When first seen with bone metastases nine per cent of patients have normal X-rays. For vertebral metastases this figure rises to thirteen per cent.
Radiotherapy is easily the best method of relieving the pain of bone metastasis. Seventy per cent of all patients are appreciably benefited.
A quarter of the metastases involving the long bones will cause pathological fractures and of these only 5 per cent will unite without internal fixation. This method of treatment, if applied early for the patient who has more than a week or two to live, will save much nursing care and alleviate a great deal of pain. In half the patients so treated a long period of pain-free use of the limb is attained, before disseminated disease causes death.
Of the patients with paraplegia due to metastasis, carcinoma of the breast is the cause in a third. They should be treated energetically with androgens combined with radiotherapy. There is little evidence that laminectomy improves the results of treatment of paraplegia due to metastasis.
